Introduction
============

Breast cancer is a highly prevalent cancer in women around the world.[@b1-ott-8-1643] According to gene expression, five main intrinsic molecular subtypes of breast cancer are known: luminal A, luminal B, human epidermal growth factor receptor 2 (HER2) enriched, basal like, and claudin low.[@b2-ott-8-1643] Triple-negative breast cancer (TNBC) is defined by the lack of expression of the estrogen receptor, progesterone receptor, and HER2/neu.[@b3-ott-8-1643] Due to the lack expression of hormone receptors and HER2, endocrine therapy and specific molecule target therapy are not available for TNBC. Further, TNBC is characterized by uncontrolled proliferation, and it easily invades and metastasizes to distant organ sites, such as the lung, liver, brain, and bone.[@b4-ott-8-1643] Thus, TNBC patients frequently develop therapeutic resistance and rapid disease relapse, which bring a higher risk of death in these patients. Chemotherapy remains one of the most important anticancer methods in TNBC. Epirubicin is an antineoplastic agent belonging to the second-generation anthracycline antibiotics, which plays an antitumor role by binding to DNA, bursting and stabilizing the fragmentation process of double-stranded DNA.[@b5-ott-8-1643] In clinic, epirubicin has been widely used in the treatment of breast, ovarian, bladder, lung, bronchus, pancreatic, stomach, esophagus, and liver cancers.[@b4-ott-8-1643]

The ubiquitin protein D (UBD) molecule belongs to the ubiquitin protein family, and the binding to its target protein will result in the protein degrading due to the proteasome.[@b6-ott-8-1643] Through degradation of I kappa B alpha and the intrinsic immune activation induced by lipopolysaccharides (LPS),[@b6-ott-8-1643] UBD participates in the process of maturing dendritic cells.[@b7-ott-8-1643] Therefore, previous studies have focused on its role in the immune system. Research has revealed the important role of UBD expression in liver cancer. However, as far as we are aware, little research has been conducted exploring the role of UBD expression in TNBC chemoresistance and its relationship with the prognosis of patients with TNBC.

In the study reported here, we established the role of UBD in epirubicin resistance by studying the TNBC cell line MDA-MB-231. Further, we found enhanced UBD expression in breast cancer tissue and the clinical-pathological significance of this. We also studied the expression of UBD and its correlation with progression-free survival (PFS) in epirubicin-treated TNBC patients, and found that UBD plays an important role in epirubicin resistance in TNBC.

Materials and methods
=====================

Cell culture
------------

The human TNBC cell line MDA-MB-231 was obtained from the Type Culture Collection of the Chinese Academy of Sciences (Shanghai, People's Republic of China). Cells were cultured in Roswell Park Memorial Institute (RPMI) 1640 medium containing 10% fetal bovine serum (FBS; Gibco^®^, Thermo Fisher Scientific, Waltham, MA, USA), and cultured at 37°C in humidified atmosphere of 95% air/5% CO~2~.

Plasmid
-------

The plasmid pcDNA3-UBD and the scramble pcDNA3 were provided by the Laboratory of Signal Transduction, Eastern Hepatobiliary Surgery Institute, Second Military Medical University, Shanghai, People's Republic of China.

Proliferation assay
-------------------

Cell proliferation was measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Cells were seeded at a density of 6,000 cells per well in 96-well plates. After 24 hours, the cells were exposed to varied concentrations of epirubicin or equal volumes of sterile apyrogenic water for indicated time (0 hour, 36 hours, 72 hours, 96 hours).

Then the cells were incubated with 0.5 mg/mL MTT (Sigma-Aldrich Co, St Louis, MO, USA) reagent for 4 hours' incubation at 37°C. Subsequently, the culture medium was removed and 150 μL of dimethyl sulfoxide was added to each well. The formazan crystals were solubilized by gently shaking the plates for 10 minutes and the absorbance was measured at 570 nm. Cell proliferation was calculated as a percentage of the control and the half maximal inhibitory concentration was determined from the dose-dependent growth inhibition data using GraphPad Prism (Version 5.01; GraphPad Software, Inc, San Diego, CA, USA).

Invasion assay
--------------

The invasive ability of cells was evaluated using 24-well Transwell^®^ chambers containing an 8 μm pore polycarbonate filter (Corning Incorporated, Corning, NY, USA) coated with Matrigel™ (BD Biosciences, San Jose, CA, USA). The bottom chamber was filled with 600 μL standard medium containing 10% FBS. Cells were plated at a density of 5×10^4^ in the upper chamber suspended in 200 μL serum-free medium supplemented with 20 nM Epirubicin. After incubation for 48 hours, the non-invaded cells were removed with a cotton-tip swab. Invaded cells that stuck to the lower surface of the membrane were fixed in methanol and stained with crystal violet. The cells were photographed and counted under a microscope at 200× magnification in six random fields from triplicate wells.

Tissue specimens and patient information
----------------------------------------

This study was approved by the Ethics Committee of the General Hospital of Shenyang Military Region. Tissue specimens were collected from 78 breast cancer patients treated in our hospital between 2006 and 2011. Pathological diagnosis was achieved by surgery. All the patients were recommended to receive epirubicin-based chemotherapy. Clinicopathologic staging was determined according to the *AJCC Cancer Staging Manual* criteria.[@b8-ott-8-1643] Tissue specimens were fixed in 4% paraformaldehyde and embedded in paraffin for immunohistochemistry (IHC).

Detailed clinicopathologic characteristics of the patients are summarized in [Table 1](#t1-ott-8-1643){ref-type="table"}.

Immunohistochemistry and analysis
---------------------------------

Immunohistochemical analysis of tumor sections was performed using the anti-UBD antibody. Briefly, the sections were incubated with the primary antibody at 4°C overnight and then with horseradish peroxidase-conjugated secondary antibody at 37°C for 30 minutes. The sections were finally incubated with diaminobenzidine and counterstained with hematoxylin for detection. Assessment of the staining was based on the percentage of positively stained cells and the nuclear staining intensity evaluated by three pathology doctors. The procedure of human sample collection was approved by the ethical committee of the hospital.

Real-time polymerase chain reaction
-----------------------------------

Quantitative polymerase chain reaction (PCR) was performed using an Applied Biosystems SYBR^®^ Green PCR Kit and Applied Biosystems 7900HT Fast Real-Time PCR System (both Thermo Fisher Scientific). The mRNA level of specific genes was normalized against 18S. The primer sequences used in this study are listed in [Table 2](#t2-ott-8-1643){ref-type="table"}.

Western blot
------------

The cell extract was separated on polyacrylamide-sodium dodecyl sulfate gels, transferred, and probed with a specific primary antibody. The protein band, specifically bound to the primary antibody, was detected using an IRDye^®^ 800CW-conjugated secondary antibody and LI-COR imaging system (LI-COR Biosciences, Lincoln, NE, USA).

Statistical analysis
--------------------

All data in this study were analyzed with SPSS software (v 18.0; IBM Corporation, Armonk, NY, USA). Reports were presented as mean values ± standard error of the mean. The difference between two groups or paired samples was analyzed by Student's *t*-test. The differences of quantitative variables between groups were analyzed by one-way analysis of variance. Correlation analysis was performed using Pearson's correlation test. Survival curves were calculated using the Kaplan--Meier method and compared with a log-rank test. All statistical differences were two-sided, and *P*\<0.05 was considered statistically significant.

Results
=======

High expression of UBD enhanced the epirubicin resistance in TNBC cell line
---------------------------------------------------------------------------

To identify the effect of UBD on epirubicin resistance in a TNBC cell line, MDA-MB-231 cells were transfected with UBD plasmid and the control scramble ([Figure 1A](#f1-ott-8-1643){ref-type="fig"}). To determine the concentration of the epirubicin effect on the MDA-MB-231 cells, the dose-dependent growth inhibition data of MDA-MB-231 were evaluated and results show that 20 nM is close to the cell half maximal inhibitory concentration ([Figure 1B](#f1-ott-8-1643){ref-type="fig"}). As shown in [Figure 1B](#f1-ott-8-1643){ref-type="fig"}, UBD overexpression remarkably suppressed the proliferation of MDA-MB-231 cells treated with 20 nM epirubicin. Invasion chamber assay was used to investigate whether UBD upregulation exerted inhibitory effects on cell migration and invasion. As shown in [Figure 1C](#f1-ott-8-1643){ref-type="fig"}, the migration ability of MDA-MB-231 cells treated with 20 nM epirubicin was significantly enhanced by highly expressed UBD.

UBD expression was elevated in breast cancer and correlated with TNBC
---------------------------------------------------------------------

To explore the function of UBD expression in breast cancer, we examined UBD expression in 78 human breast cancer tissues. As shown in [Figure 2A](#f2-ott-8-1643){ref-type="fig"}, UBD was significantly increased in breast cancer tissues compared with in the corresponding tissues, as determined by immunostaining analysis. Of note, breast cancer with poor prognosis exhibited higher expression levels of UBD ([Figure 2B](#f2-ott-8-1643){ref-type="fig"}). Further, it was revealed that the majority of patients with a high expression of UBD were prone to have TNBC ([Figure 2C](#f2-ott-8-1643){ref-type="fig"}), and UBD was detected at higher amounts in TNBC than in non-TNBC ([Figure 2D](#f2-ott-8-1643){ref-type="fig"}). Based on immunostaining results, the 78 human breast cancer patient tissues were divided into two groups: high UBD expression group (n=39) and low UBD expression group (n=39). Tissues in the UBD high group were prone to having TNBC compared with those in the non-TNBC group (*P*\<0.05; [Table 1](#t1-ott-8-1643){ref-type="table"}).

High expression of UBD indicated the poor prognosis of TNBC patients treated with epirubicin
--------------------------------------------------------------------------------------------

In our cohort, 28 patients were diagnosed as having TNBC by pathology. Twenty-one patients had a higher UBD expression and seven patients had a lower UBD expression. Epirubicin-based adjuvant chemotherapy was administrated to the patients and the PFS was observed. In patients with a higher expression of UBD, the median PFS was 23 months. In contrast, the patients with a lower expression of UBD had a median PFS of 36 months. A trend toward poor PFS was found in patients with higher expression levels of UBD compared with those with lower UBD expression levels (*P*\<0.05; [Figure 3A](#f3-ott-8-1643){ref-type="fig"}). This possibly implies that a high expression of UBD enhanced the chemotherapy resistance in epirubicin-based adjuvant chemotherapy and mediated the poor prognosis of TNBC.

Discussion
==========

Breast cancer accounts for 30%--40% of malignant tumors in women. It is responsible for the second highest rate of cancer-related mortality in the USA, with an estimated 39,620 deaths in 2013.[@b9-ott-8-1643],[@b10-ott-8-1643] Along with the public's great concern, studies have confirmed that the prognosis is associated with the molecular subtypes of patients with breast cancer. TNBC, a heterogeneous subtype of breast cancer, is particularly prone to recurrence, metastasis, and chemotherapy resistance. So far, no effective molecular targeted drug has been made available for TNBC. Surgical resection and chemotherapy are the therapeutic means in clinic. According to the National Comprehensive Cancer Network guideline, epirubicin-based adjuvant chemotherapy is recommended and the curative effect will directly influence the patient's prognosis.[@b11-ott-8-1643] However, resistance to epirubicin is very common in TNBC patients and the mechanism is still unclear. Gyémánt et al explored the synergistic effect between flavonoids and epirubicin on multidrug-resistant cancer cells.[@b12-ott-8-1643] They found that chrysin and amorphigenin synergistically enhanced the effect of epirubicin on the mouse lymphoma cell line and formononetin did the same on the MDA-MB-231 cell line.

UBD has been reported a tumor oncogene that promotes tumor cells' malignant biological behaviors, such as recurrence and metastasis, via multiple signaling pathways including phosphatidylinositol-4,5-bisphosphate 3-kinase (PI3K)/protein kinase B (Akt), Wnt/beta-catenin, and nuclear factor kappa-B.[@b13-ott-8-1643]--[@b16-ott-8-1643] Given the positive connection between UBD activation and tumor progression, it was predicted to be of importance in breast cancer development. However, there have been limited reports in support of this theory. In the study reported here, in vitro experiments were conducted and clinical breast cancer samples were involved. We found that UBD expression correlated with epirubicin resistance in MDA-MB-231 cells and that the level of UBD was significantly increased in breast cancer tissues. Also, we found that the majority of patients with high expression levels of UBD were prone to be hormone-receptor negative, Her2 negative, and to have cancer with a poor prognosis. Further analysis revealed that the TNBC patients with an overexpression of UBD obtained worse clinical benefit and a higher recurrence rate from epirubicin-based chemotherapy than those with a low level of UBD expression. The findings imply that UBD overexpression enhanced the chemotherapy resistance of epirubicin-based adjuvant chemotherapy.

Conclusion
==========

Epirubicin-based chemotherapy is of great importance in improving the prognosis of patients with TNBC, but the resistance to epirubicin severely limits the application of this drug. Identifying the epirubicin-resistance molecule and clarifying the related biomarker for TNBC prognosis could enable the development of successful strategies to circumvent this issue. In the study reported here, we demonstrated that UBD upregulation is involved in the process of epirubicin resistance in TNBC patients, which was confirmed by experiments in vitro. It is worth exploring whether inhibition of UBD might be a potential therapeutic approach in the treatment of epirubicin resistance in TNBC.
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![Ubiquitin protein D (UBD) overexpression enhanced the resistance of epirubicin in triple-negative breast cancer cell lines. (**A**) Representative Western blot showing the overexpression of UBD in the MDA-MB-231 cell line transfected by UBD plasmid. (**B**) The inhibition rate of MDA-MB-231 cells treated with different concentrations of epirubicin by MTT, and the half maximal inhibitory concentration of MDA-MB-231 is about 20 nM. (**C**) The relative proliferation of UBD and its control cells was evaluated by MTT assay in MDA-MB-231 cell lines overexpressing UBD and their control plasmids treated with epirubicin (20 nM). The relative proliferation of blank triple-negative breast cancer cells, which were not treated with a chemotherapy drug, was also measured by MTT. (**D**) Migration assays were undertaken in MDA-MB-231 cells overexpressing UBD and their control plasmids treated with epirubicin (20 nM).\
**Notes:** The lines above the bars indicated Standard Deviation. The asterisk (\*) indicated *P*\<0.05. The length of the scale bar indicated 100 μm.\
**Abbreviations:** DMSO, dimethyl sulfoxide; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.](ott-8-1643Fig1){#f1-ott-8-1643}

![Ubiquitin protein D (UBD) expression is elevated in breast cancer and has a closed relationship with triple-negative breast cancer (TNBC). (**A**) The average UBD density in 78 paired breast cancer tissue samples was measured using immunohistochemical (IHC) staining -- a representative view is shown. (**B**) Comparison of UBD expression in 78 different differentiated human breast cancer tissues using IHC staining. (**C**) Comparison of UBD expression in TNBC and non-TNBC by IHC staining. (**D**) The percentage of TNBC and non-TNBC in UBD overexpression and low expression tissues.\
**Notes:** (**A**) Scale bar: 100 μm. (**B**, **C**) Data were analyzed by *t*-test (\**P*\<0.05).](ott-8-1643Fig2){#f2-ott-8-1643}

![Ubiquitin protein D (*UBD*) expression has a closed relationship with the prognosis of triple-negative breast cancer (TNBC) patients treated with epirubicin chemotherapy. Disease-free survival analyses of 28 TNBC patients treated with epirubicin were compared between the UBD low expression (below the median value) and UBD high expression (above the median value) groups.\
**Note:** The units for the values on x-axis indicated months.\
**Abbreviations:** PFS, progression-free survival; cum, cumulative.](ott-8-1643Fig3){#f3-ott-8-1643}

###### 

Clinical pathologic characteristics

  Variable                                                            UBD high expression (n=39)   UBD low expression (n=39)   *P*
  ------------------------------------------------------------------- ---------------------------- --------------------------- -------
  Median age, years (range)                                           48 (37--69)                  51 (34--70)                 0.470
  Sex, n                                                                                                                       
   Female                                                             39                           39                          
  Smoking, n (%)                                                                                                               
   Yes                                                                5 (12.80)                    7 (17.90)                   0.530
   No                                                                 34 (87.20)                   32 (82.10)                  
  Alcohol history, n (%)                                                                                                       
   Yes                                                                7 (8.97)                     6 (7.69)                    0.760
   No                                                                 32 (91.03)                   33 (92.31)                  
  Tumor stage, n (%)                                                                                                           
   T1/2                                                               33 (84.60)                   36 (92.30)                  0.290
   T3/4                                                               6 (15.40)                    3 (7.70)                    
  Nodal stage, n (%)                                                                                                           
   N0/1                                                               26 (66.70)                   30 (76.90)                  0.310
   N2/3                                                               13 (33.30)                   9 (23.10)                   
  Triple negative,[\*](#tfn1-ott-8-1643){ref-type="table-fn"} n (%)                                                            
   Yes                                                                21 (53.80)                   7 (17.90)                   0.001
   No                                                                 18 (46.20)                   32 (82.10)                  
  AJCC stage, n (%)                                                                                                            
   I--II                                                              20 (51.30)                   21 (53.80)                  0.820
   III                                                                19 (48.70)                   18 (46.20)                  
  Tumor diameter, n (%)                                                                                                        
   \>5 cm                                                             9 (23.10)                    6 (15.40)                   0.390
   \<5 cm                                                             30 (76.90)                   33 (84.60)                  

**Note:**

Results of the analysis (*P*\<0.05) are statistically significant (chi-square test).

**Abbreviations:** AJCC, American Joint Committee on Cancer; UBD, ubiquitin protein D.

###### 

Sequence of primers for real-time polymerase chain reaction

  Primer               Sequence (5′ to 3′)
  -------------------- ----------------------
  UBD forward primer   TCATATGGGTTGGCATCAAA
  UBD reverse primer   TGTCTGCAGAGATGGCTCC
  18s forward primer   CGGCTACCACATCCAAGGAA
  18s reverse primer   GCTGGAATTACCGCGGCT

**Abbreviation:** UBD, ubiquitin protein D.
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